
i
.. Intelligwrt  Robots and Computer Vison X/V A/ IKN fIJrII Iechrliques, Aclwe VIsIon arid Mafer/a/s Handhrg,

Proc. SW 258[: F’ II,:, Ic~ :1,3, PA, CJC1  25’.26, 1.995,
-.. .— . . .

1’. S. Sc}Ien!icl. 1). 1.. IIlolwy, I). K lll~)\’11 “I’. l~ilt ~ ‘.hell. S-S lill, R. A. lill{lclll~llltl. 1.. 1). l’:Ilj LI:,

J. “I’. Slosml, G. K. Thwy, (:. 1 ‘1 U,’kt’:.  : ‘ J, \ ,l,lllc,.~,  ;lII(I (’. \Vcisbill,  .lr[ l’lojmlsic)n 1 ,ab.;

];, ‘1’. l]aunl~altncr, MiLil. ‘1’ti )) ( lIII\ ; 1 11. Sill{’cl, R. I<citl.  lJtli\. (JfAliztJno

) , /,
<



Wc  overview ~mr rcccllt  progress in Iandcl-l){lic.l I (,’ N ic. 1’(J hl[lrs l)l;l[lc[nry  scirncc. l’tili~iny :1 I : I SCOIC Iaboriitor-y  replica of’

the NASA Mars Surveyor ’98 mission, JP1. cnyi~]rtli ,111.! ‘,l:II, . IL IIL’C cLJllciIgLIes  tl:lvc dcIIIOII\[ILIlcd  :Ipprwtchcs to lan~icr  scicncc

functions such as robotic stIIIIplc acquisition :IrI(i  Lic}I()\III(  II, ( r)d . r’tkc[(~r b,luxl rlli~ [osc(~l)iu ~,iewing,  I)ond-carlied science instru-

ment data collection. and scicncc  instrLln]ent CIIIIIl; If CIII; IIi I \ o I ,Itmt. Sunic  of lIK sit!nifl(’:ltl[ technical  advances  under ly ing  th i s

sirnulrrte(i hfars lli:~,ht  c a p a b i l i t y  incl LILlc J])]’s II II I(I\:IIIIIII {)1 :1 I u li:ll[~v(’igll[, l)lccl):lr)i~:lll!  stil’1’, ::IS deployed telescopic two

m e t e r  r o b o t  mn, :lr)d cocrpcmtivc  enginccrirl:’ v L) I k i,, itt] ~} I!.11 1:111 ~kL’tl  L’ol[C;l~LIL,S  01) dU[(llll[l[LX[  VISLI:II  ]XMitiOrlirl~ Con(lol  O f ’

robot ic sampling. IJniversity of’ Arizona nrrd .1I’1 lItI\L ILII Il. I (i , LlOIICLi cotl)j]ler])(’r)t;tl~ ,ICIV:IIICL’S in Iandcr-based  i m a g i n g  spec-

troscopy and its r o b o t i c  ennblcrncnt, We uutlitlc [tll, \L[lI t ,(]11 l!:lri?,l[l~  il~ kcy  tccl]nic:ll ic:l{ulc,s,  nnti  i l lus t ra t ing exper imenta l

progress with pho(opraphs  /IIId an [lccc]rl~]~:lrlyirl~’ tu[)l(i (II ( i IdL l::ipe

,
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MASS:
VOLUME:
POWER:

THERMAL:
COMPUTING:
COMIDATA:
LIFETIME:

DATA VOL.:
G-LOADING:

XI kg
70 liters
25 W day (avg)
10 W night (avg)
lander provides
lander  provides
RS-232, MIL-STD 155:+,.
>1 Mars yr (low-laL)
1/3 Mars yr. (high.lat.)

10Mb / SOt
<50 g’s all phases

I:iguru 1

(lop 1(;0)

(/)(1 ([()//1 lcjt)

(uppet ri<qlit)

(Ixjtlotrl right)

2.  A  NltW Rol)()”I” I’OI; h) j I(S

As notcxl above., a J)litll:lty LX)nccrn in robotic~ (lit lIII:IIC it III

straints arise frorll Iugistics of’ Ilutxillliy,cd Iandc<. i s(.iL II(r 11,. \

frqLlent missions at rtdud cost. ‘I\J ltlis end, N{ lI:I\, w II! III v
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a mission scale apploximatcly I OX grca[cr than N4<II $ Sill  ! (’ .01 iut f(:lln L’OS(/l:lLIIICbC(l  lnu~~ 1. ~IC;IICI  LIIII~ dexterity than that lentic  -

Lllar  (extensible tube) l-dof Illccbanislll and aclu:ll(.xl  (’fl{”L”(M ,IIici ffl~lc (’k’i]il. v ibr olI-:It Iit illslrlllllcfl[{llic)rl artd itr .ri[u  science. Our

approach to tncc[ing lhc volume constmint has bccl} t~l ti!~ t’: II) !: 1[ ( ~co])iu d~Jice  (g:l~ pl(’s~ol  izotion deployed) that efficiently col-

lapses in stowag,e (() about 1/5 of’ its two ll~ctel fu II L J tt I It I tl II  1 I ~icol:lr wt~lksp;lm IC;ICII is dict;llcd not only by t y p i c a l  s c i e n c e

geometry, but also  by need to mccss more  pris[ill~ tII:Il(t III (J L , , , Iar fIOIn  iIII actilcly p[~~[)cllcd Iatidcr’s descent burn radius  and

chemical cmllaminanls as possible). We have ad(iJ(’ssL’, I tc IL] ‘II() of II I:ISS [Ilt’(mgh  UW’ of c(~llllx)silc mutcrials, the arm reported

here having SOCII a $seglne([t deployable link;tpc. !{ i!}l :; .illll~l!lll~ [f” f(t!ol CIlllell[]\’ L)lldt’]  L’{)rl\[ll)L’[iol)  l]si)]~ SiH)il~r J]]f][erifl]s ~r)d

a new class of” high powerhlmss density solid st:ll( I IIiIiV(I~l  ~’1 11~’.l~ > Jrii crl)  Ilmtor. hlOtc [Il:lt tlIc Rtkl) prototypes wc  pmc.nt here

are terrestrial lab models -- devices and syste.rlls wjI(~:A I;OIIIII  ~rw [Issctllldic+ atc not  SJI:ICC (Iuajitid to environment anti launch/

flight dynamics. I’he p,raphite  epoxy rnechanic:d  ;II I II S(I u(.tilr(. u~ .i I):l!  c sp;xe her il:li:e, :IIId :ilc extensible f[>r flight model devel-

opment. 1,aboratory  actuatms  & drives are colnlllullio 1) : vi 11.11~1 bl u~l)cd :Ind llm~ilwtic:iljy l[)codcd l)C motors  and harn~onic/

planetary gearing, all of’ which 1)0s sll:lce-(ll]alifictl C(IIIIII,I  ,,;, I. i }ari(~us sJwce }Jlalfi)rlll d~J~loylllcnt  mechanisms, etc. Oor pri-

mary goal  in this I<&l) work has been to demonstl;l(c [ILN fIIr I litll Ility at)d It)rnl-fit l’casit)ili[y; WC h;lve  addressed flight operations

constraints & design  rcquircnlcnts  in a separate t{cjill[~l(l~! 1)1 (IIN d I to [I]c hlnrs Sot}cyo] ’98 Alltlotlr~ccrl~e.r~t of Opportunity for

landed  scicncc  nlission [4].

‘1’hc JJ’1, arm, as show II lrigurc 2 below ill tl~)tl] SI(IU+. ,1 iIII(j li, pjoyc(j  side-lnoullt j; II I(lcr  uot]liyLlt;ItioIls,”  is composed of two

links, each Jink cotltaining, lk>ur telescoping tube V~IIII(II[\ j 11..  }I  ,,,:!ln~.rit  i~ gt;lp]titc CJXIXV wi[h a 30 cl)].  Jcngth  and . 0 4 0 ”  wall

th ickness .  “1’t]c eight scgmcllts range f’lotll inllcl ChWIIL I( . t t ~ ?$ r~) 1.’/5”, il~ stcl  M 01”.25’. “Illis allows the tube scglncnts  to nest

insiclc  o f  eactl  othel w h e n  s(owcd.  liach segrllcrlt t]:l~i :111 it (I 1121 II(I  cxtc’jll;[l fit[itly dcsiytled to lock the s e g m e n t s  rigiclly dur ing

ckploymcnt.  A No. 1 Morse. t;iper lock, fabricate{! 11 otll ‘, L 11()  ’,1  -“j  ‘,.  wa\  IIW,  j to ])t{~\itlc  tlI(  IICCCSS:II y jocking fo rce .  Ilach con~ple-

mentnry set 01 fittings was ttmn  hooded  to the ill~il.1(’ :IIItl iw:~i  1[. o tlw tul)c srglncnt~ u<itl: StyLast  9394  epoxy.  When air pressure

is appticci,  the outer fittin~ of’ onc  scgmerlt  sjidcs  :IIoIJ;  II]( it IILI lI;Ilmslt’I O! tlw tJcAl laIyc>sl scpmcnt.  e v e n t u a l l y  locking in to  i t s

matching inner f i t t ing. linch outer fitting tms tin ~’ltllw{iAl(’Ll ‘{) I III; wtli(.jl SC, IIS cacb sepl{lcnt  durirly Iockins. ‘l’he ends of tbc first

and last segtncnt  of each Jink have  fittings (A 1 ()[)(~1.’l (II, N li II jl, I, i<jc }~rcs\llrc  seals 1’01 d~.}]l(~vlllellt,  rubber gromnlcts and clcw-

ancc for c:iblinf:, ard bolting sur faces  fbi” intcgl:tlillll l,) !il il I HI’: i.)illt stl  LICILIIL’. [k)IIIpIv\wlj oir cntets through the first fitting o f

1.ink  1 (upper arm) by means [)fa swag, e-lock li~llt :ilitIlt }1[.llrc tl[titl~. ‘1 lm :Iir is tllc[~ ttarlsfcllc>d  I’rom  1 ink 1 to link 2. (fcrrearln)

by way of a “stingct” attacbtnent. ~’hc “stingc]” is JII:IL I!cl II, I I [t)j) (Iltitlj 01 1 .irlk  2, atl[j  is se:tlcd  into I ink 1 for deployment

using a rubber ~,rolltrlmt.  l’hc “stinger’> detachrs f’] (1111 I 11~1, I drIIi I ~ :Icto;ltiotl of’ the cltmw juint df’((’I Llcployllkm[.  1’0  prevent twist-

ing of individual sc-gtncnts  (jurinp dcploynmnI, al II II II II IIIIi  ; 1:11111  II raili wcIc’ tx)lldccl  atId scIc’wT(j to thr ootel-  sorf:lec of the seg-

ments.  “1’hc rail follows n broached gtoovc irl tll~  II IILI II; II (II IfI~I II! tbr IIck[  jargcst  scflll(’rlt, kct’[)in~ the segrttcnts  al igned unt i l

lock ing  is  col]lplcte. ‘l’he  aill~ jinks am in[eg,rotd [(, II,( I[]ilt :Li (1c LJICS u~irlp litlgjisll iastctlcls, dnd scajed  using R1’V  Silicone.
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those techniqtlcs and systenl  al-chi(cctores  IIM[ f;l~llit;l[t II ~r! ~(v

action in tclcrobotic systellls  18,9, :Ind rcf’ercnc’c~ Illclli[l ~.

3, Al{hl ]’OS]’I’ION CON’J K()) 1/ 1’} /\’

III ,Iion \cl)s~lr-let’~rct(c<[l :Iulf)ri(lnly  :Ind cf’licient sopcr-visor-y inter-
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3 . 2  Expm-imental  l[llI)lc][l{’I)t:itioIl

A s ing le  wrbitc centcwd CLIC was  placed  011 tilt [III cl I;, 11)1 I II the totm[ ;lrin.1’l]i~ cit~~ll:ll cuv IIICaSLIrtYl  1.5 incbcs  in diameter

and is constr  uc(ed such that  d dark riny, (outsidr t ,I(iiu. “/” 111.’ 11( in fi(lr ],l(lius : .?.5 il]cllui) ~urlollnds ;I w}litc circle olradius .25

inches. ‘1’hc detection of’ this type of CLIC is :tcLotII]Ili\lIL,l 11) WLII Ilins I{ t:li~, glcyscill~’  itll:lj?u :Icquil cd by the f’ramegrabher  for the

b l a c k - w h i t e - b l a c k  p:l(tcrn :Issociatcd  with the !i ilit{ ,. 11[, I(II c tI . N!otc tll:lt the r;ltio (]1 dist:ln~r~ bct!veen  t h e  black iInd  w h i t e

reg ions of tllc cuc will Iclll:lin an inv:wiant no 111111( I [II(’ ~ I i[fllu ,iIII of [IIC cd[IIcia  licl!irl:~ thL’  cuL’.  ‘I’l  IL’  circular cuc  does indeed

map into the ilnogc ;Is nn c.llipsc,  but this t-ilti(l  of di\tLlm(> IL rllilil~, ;1 collst{ltlt,  ’10 dL’tcL’t  [l ((IL’.  (hc ill~:igc  is first scarcbcd hori7,0n-

tally for regions of’ tl~c. ill~:lpc  th;it Inay  contaili o (LIC (i c, c, )Il<ill ]Cllio 01” di~lol]ccs).  OIICC :! Ixwsiblc cue is detected, this re:ion of

the image is sr:ll-ched  a~,ain itl the vel-tics] dirc~li(lll :11~~ [II{ II III t\ II diayotl:ll (lircctit~lls.  11 ilk’ I:ltio 01” dist:lnces  lenlnins constant to

wi th in  a Cettuin  tolc[mncc  Icvcl for eilch  of’ the~c l,~ts (ll~)ii~)lt<:l, ! cl[icul, :(IKI two di:lpoll:~l  }, [ll~n the p(~ssit>le  cuc is ckterlnincd 10

bc an actual  cue, [Note: SOINC difficulties with (Ilc cu, (I([,t i{,~ I( lInc drsctitwd iII()\c duc to ul~ll(ct-induced “false Imsitives” from

t h e  silltulated Marti:ln SUI-I;ILC  ]-epoli[h. ‘It) rcducc  ~IKII T’;IIW 1, lsil i c’s” wc Iii, htcntxi u~I on IIIC [{)IcI  :Incc\ used to Iudg,c if’ a cletccted

cue was  an ac(u;il  cue. “1’hctc ofcouIsc” exist tlIOI{ Iol~II\( (II .LI )Illi ;Il)lc  y~x)lllc(lic  cuf.~ tt)ii(  ~ould  bc u[ilizd itt expense of mode l ing

and c(mlpLltation).

3.3 ltxpcrimclllol  Rcsuits
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T’bc  next  sel-ies of tests  of” the systeln dcall  \\ i(t) (III. 1:1 k (II’ II \/)ccli)(j:  I (~rio{4,\ t(w!i ,A(~II{/)/ct ivllicll w’ele s tut tered aroLlnd  the

]ander.  ]>L)rirl~ thcsC tcs(s,  tilt’ UScf’ of tbL’ Systl’1]1 PIL$L  I ~ l){’{;  [h t<l :’~1 locdli~lt]$  irl Co,tl  ciIIIIt’1 :1’\ itll:l~’c  plllnr. l)cspitc tbc fact that

these target Iocalions did nol  dcsct-ibe ii COI)IIIIOII p,)ill III 1)1 I\ S:. LI I ,IMCC. IIm SySt CIII {lid IIL)t h(I\r :IIIy (Ioublc converging to LI set of’

joint rotations tbnt  woLIld  Mtic  the manipulator till OL1})II IIIC,1]~11[(~ ‘1) lr;~,jtxttlly illltl tlk>ll J)~)\itiol) tl)c L.n Ll-ef’f’tx-tol- OVCI the desirC(l

target  object. (livalu:ltirlg tbr sensitivity of final l)(lsitlo)ill~ [II. ,is JII m :1 lulittion oi the ill((ltlll):l[it)ility in ttlc user-prescribed tar-

get locations is u Sul)s[antivc  Imoblem  f’iw fultl)t’1  il,tcill;(llr ~rl:

W C n o t e  a fcw observant  [~bout the. sl)~~cl 01 [1,, ( ‘>F1 {)] Iiltiott. 11) the’sc C\\)  L’ljlll(’Ilt;ll  tlitlls, llIc time the syskm took to

ide.r)tify  thC CUC ill both  ClllllCldS  :llKl [0 I“CSOIVC tll{ jtllll{ I(I ;I(ll)ll[ (Ilil(  t;lkt’ [II(’ l(lbot t o  (h~ 11(.X( lo L’Ll[ioll”  i l l  tbC 8p[N’O[lCb tL’~\JCCtory

was  approxir[latcly I () secon(ls.  “1’he iinagc  tllt;llJ’i\ {~ J I]( 11 { IIiIi lily (~i 11)( (’olli[)Llt:)liol):il”  cl’l(llt. llo\YL.\JcI , given the objecti\’c  of

., /’
/ ).
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f inding a s ingle cue, wc coLlld  Ioc:iii?.c  cue se:llc’tl  III :1 .SII 1:111 m ;’i~.l {Ji’ c:i.1~ (II{, ca]l)clii’s  illl:[~(’ I)lon(>, Using kt]owltxfgc o f ’ t h e  \~iew

par-ame[ers  for c:tch c:lnlcrd, (Jnc c o u l d  predict lo~:iliol]”  (II Ilr, ,rl~ II Illc  imaII(’  platlc, \LltJ\c(lucll[ly  10 ccntcr  o smatl window about

this predic[ed L-UC  Ioc;ltion ;IIId  lust s e a r c h  tl)is wiIIclov,  111.11  m (d’  I K, rn[IIC ill!~tge III:IIIC.  Also, tl]c Ijtoblc}n  ot’ false posit ives earl ier

n o t e d  i s  n o t  v e r y  ctitic:ll  ODCC Ihe  view paI:It IICl Ct-S  lIIITlr In [II I ~’.il[l:llr(l. ‘1’his is [Ic,:i\Isc ii tlllcsl]old on the accepted residual

between the predicted ;ulci :IctLl:li  CLIC ]oc:ltiorls c\~LIILl lK u -L.(I to II II(W (IU[  :IIIy idclllifie(i  cucs  th:l[ did  not conf’ortl]  to  the  cur ren t

e s t i m a t e d  v i e w  Imrilnlctcrs, “1’yl)ic;illy  this thrcsllul(i  \\:t~ w :11 I 5 II  xrli (i.c uucs ltl:lt hwl Icsi(iu{lls  I:llger ttm 15 p i x e l s  were  n o t

used  to re-csliln:ite the view par:lmctcrs).  As Iliolt :Iti(l  ii}{)] ~ IIJJr  Iil.il I[:lj(’c[(]rics  WL’1~  :It(ct]l[)lc’(1  :Ind  d large  n u m b e r  of’cue.s w e r e

(Ietecte(l,  then typical rcsido;lls  were on (he oIdcI {l! 1’-5 Ill kI Ii (.’c, ,I:illi) Itle cntilc c(}lil]~Lil~iti{)[):li  l)lr)~css  could be sc:iled  as desired

using a f_aster p rocessor .  Nor tiocs the sys[c]n IIrLLi ((I \Li )1 I I I  [H(,  I to  OC(IUIIC  :1 \isuol s:iII~IIlr, 11’ tt vicicw sail]ple can bc simulta-

ncoLISly  acquired witl) saml)lcs 01 (he joint l-ot:t[lon~, ( \ id I II( 1111 1111 cIILwfLIs), tlwl (IIC I]w(tl(d con jmmd n o n - s t o p  during its

approach 10 the target posil ion. Wilh [l quick IJJ().  (.w{)I, [Iii :1~,111(11.11  ]lI;  Iy  a llfI\v i’bI IIImIy  IIIOIL.  cLIe\ tt~ bc- detected during the tra-

jectory  that brings the cnd-efltictor to the dcsilt’d iiII~ILI l~);[ill

3,4 ]ssues for l~urtbcr  investigation

i n  closin~ this smtior] wc  Lx)rllnlcnt  briclly on MIIIIV [II (I A< IKI ire LIW

robustness or gcmmlity of tllc tcchniqL]cs  cicvl:lt)[,u(i,

c u m v e n t  t h e  n e e d  f o r- o usel  10 prcscribc rnat(’llitly [LIffIcl  I M .Ili{)l  ~ irl l)(~~h (:lrlltlds as is (iollc IMI\V. While the method of cnmerzr

s p a c e  nmnipLll;  ltion dots  no[  rely on c:llibr:(tc(l C; II IIC, ,I\, [II. ]t 1~ : IIr IC itll’or[ll:ttiotl  c<)lltaill{~i  ill IIw rs[ilnatccl view paramckrs and

t h e r e  shoLlld bc a wNy to (re(uwive]y) use this itlt’(ll[ll:lllijll 11(111:1  ‘ II iI pos~it]l, :1 ~cry  (I u(ic c:ltll(.ril c:llihration to dctenninc matchi-

ng ima~c  pl:lnc Ioc:ltiorls (h;lt c(mespon(i to tlw S.ltlli ])ll>~!. ill ])( Ill.

● cattrcra space t?t{ltli[>lllcltic)tl  j[jr (~11.vtc]([()/c(~lli\  (, III 1 t L i ?icl( ,,< < ( II(Ien(l~ ti], sys[gl]l lwiwiics t)~) u:lpabi]ity to Icact  to its cnviror)-

ment -- i.e. tile rllcttl(xl orlly coruputesjoinl c[)rlfi~(ll:t(l~)lt~ 11:11 :!(1 :I\e tll(’ LII:II Imsilli)llirl!’ [(l:l{ilrc to the twgct object nncl assumes

thrrt the path  th:lt [afws  the l(~bot  there  is obstwi[ I’11.( } () It,. I ,1. [it lI:IIi{l,  wc  Cnvisiotl  lhr t’t)llf)winy  type of’ sccnat-io.  i n  s o m e

m a n n e r ,  obstucles  ttlat :irc c u r r e n t l y  w i t h i n  ttw I +.~lNl]’~ ~it 11,.lm(  :Is \’icw{(l  f’l{~lr] tlw two ~:ll]lcr;ls nre identifie.cf  in both image

p l a n e s .  ‘1’his coLIld  bc cione I)y intcrmtively outli[)ill:)  I,j’i<lil. (Ii’ c I,lera  sjmt irl vhicll otmt:lrlrs :I])I)c:II  or by Llsirlg c o m p u t e r i z e d

imnge  ana lys i s  10 cstimotc object  e d g e s  an(i cx[t(r  II; Il L{III1 ,LII. ‘1 ){n, ill :In ofl”-litle  f:l\tlion, tll[ joi[l( rotations that bring the en(l-

eflector  w i th in  the  reg ion  of tlm obst~lclcs  wol]lci  I)(’ I.XIIIIIIL  (.i 1 ):illy, citil(r a\ lmT L of [hr (’SN1 t[lcthod  m as something separate

f r o m  CSM, tl)r joirlt rotations thot  m cornputcd CI(II ill!’ tl~ 11111  .I:Ich II :Ilc,tot y w’oulci t]c II](dificd using the infol-mation gained

during lhC icicntifrc;ition  of (IIC obstacles, In this  rll[lllllL’1.  [II. IIUIILI  (~1 y ((JllI1)Il(cd  (iu] ill: IIIL :I1)lIIO;ICII  phase  could be constrained to

occur within a ccrlain region of’ the two itl):tpc  }II:IIIL’3  ((l! I )1111 S] I,c’). ‘1’fw I ~mltinc msd I(I I LMJIVC the joint rotations based on the

location of the target points ;Irld tlw cumnt viri! l);II ;Irl):rc c.[111 1.s puLtti\f’ly  could  it]cl~l[lu  l’; wt(ns tlmt me related to the icicnti-

ficd obs tac les .  “1’hc finiil positioning W(JLIICI rcrll:iill l’L)II\!>[t’  It, Ill$,t lit’ pilltl f(I]}o\vL’d  I)c’itl:  t]]tdificd

● opetatot’ itllcmctiot] atl(l .Tltjwri’isoty  mtlttl J: I I w{ )111, I i I (i .it I,lc to ir]tcltlc(ik’cl!,  it~’[;ltiicly cxploi[ ]nost cuwcnt  knowledge O f

the view p:mnlcter Cstitl)atrs to SI1OW the opel ;Il(:r  II(}I! [11 I lriil~ll:tlol vlill I)crf’ol  [i) :1 C’(’llilill  ttl~~ wi[hin tile itnagc  p l a n e s  of t h e

t w o  cnrrlcras.  Whiic the acttr:ll  guidance  of thr rll:illi~,(lltrto:  i I.1} ~ i sli:)t][ly  dif’lcl(’rit (lLtc t{) lIIL curs dctucte(l  nedr  t h e  t e r m i n u s  of

t h e  m a n e u v e r ,  t h e  sitnulatiot~  of the rllotion will i,. LII):C 1[1 \’11 ~ Is ,1.‘ -tu:lll> car[ icd CJu(. iII Illis u:Iy, the ~)pcrator  c:~n check  the

m o t i o n  and rl)akc  jucigcn)ents  aboLlt  thin~s Iikc  ol)~l:l. IL ;IVI i(i.lrk tcacll:lt)illly. ctu.

The brcmicr  g(ml  ol’ work [i{sclibed in this p:IlwI  II\  t{) L ,lLII Ih t III(  ttit ]olx)ti~ ;lctivit~ lo h’tiII>  l: It Idc I-lhIwd scicncc  ciata acqu is i t ion

ant i  in silu ana lys i s .  ‘1’hc~rc ;IIL~  n):iny possib]c SLC’II;III(A  :Iri(i  ~’w,lt]ll  Ijl  insl[url)cnts 1’(M ti]i~  I]utsuil l?], We illustr:ite in ]igurc 5 ovcr-
Icaf sorl]c  of’ the rotx)tic science opti(~ns we lHI\J,. [)[::’lltl 1) I ~~ :11 I:I!C irl k.I)L~\’.’tl  COIILS])LJIILICIICC  \\ Ji[ll  interests  of (hL- Mors s c i e n c e

con)munily. ~’er(:iirlly  onc  ;I]c:l of tl):lior  iDICIL>S(  ,IIC.  tlIIIf.  L ,III\Iicu iws uli Icl I both  sIKv.(1:111) ;ItICi spotioily Ciiscrillliniltc  in format ion

about t h e  Mnrs surfwl constituc’nts, spectra] irii’r~l I I I  111~111 pl(} Ici( Illlj){)ltilrll  clues to  tllit)cl ;Il[):,ic ~’l:lssific:ltic)tls,  ant i  once san)p]cs

of interest ale so de{cctc (l, ttlcn o microscopic \’isll:ll :tt],llw IS I I I s Il])le  sill I:l(t: stluct[l[c ([ UXILII in:’, :Iaims, I(xx] spectral properties,

w e a t h e r i n g )  cm rc~fc:ll a grcttlt deal mot-e of’ pc(~l[)~’i~ 1111111 t(lll~~i or)d cllmil tic it]l}xu(:lllc{’. iilllu[iin: :tsscssr]]cnts of’ volatile con-

tent with possible illll)licatiolls to exobiology :lll~i l)t III] Iil[ {III hl I,,. lr) lllis clositlg  Wctic)ti,  \\L ilr ic’fly dcsct ibe :tn area of de\’clol)-

J. ,’!



nlCIlt bcinp,  pursued  by lJtlivcrsity Of Ari~OI):l  ill (()] ,I[),,li[l  .):! ~’i(~! ]1)1 CO]] C:lp, LIC\” LIW 01” 0 t]] L]llispcctr:l] handlens  for

spectroscopic analysis of’ ttw Iundcr glob:Ll  n~’at Ililti. .Ili(l  III( )1 c“ ‘~ [ailc(l  ini~[oscopiu :Itl;ll)sis of” rol)()(ic:tlty acquired samples. The

lander-based opcr:ltional cxmfigu[-ation  f-or this w [)1 i: i. II II ,11 .!:u(I IT I Jri~urc 6 oveIIL’:(f’.
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mously pcrforvn  initizl mincralogic cl:lssific:ltioli Imsl.,i i,~t 111< s} ,. lr:ll :I[d >Imti:il  Cllvil{ltllllcfll. dr[crlllinc which elements  merit

closer examin:l[ion$ ald collect samples via ttw  l{dh)[i~  JIIII  f(: f~l Iicl :Illolysis Llsill~ :1 lntld~’1 b:lwd suite of instrLlnlcnts.

OLlr app[-each is (0 dra~v on multiple disci],llllcs tf) <I,f  ,lt)il :1 ,I$ilc of ]Jl<l[tic:ll  c:ip:lbililirs fi)r :iLltLJnL)[IIoLls nol]-contact opt ica l

composition~il dclcllninatioll in [L spat ia l  conlc~t l.C ~l~r~l 111111111, “whill is I( ;Ind wliclc i~ it’.)” ln[crl)rc[ation of’ such conlplicated

anti oflen volunlinoL!s data is presently a tililc-ctlll~l][lllli:’  IILI I.. SS l~quil]li:~ Iii:hly sljcci:ilizt’(i ll~lrl]:lt] anulysts, We believe that the

information returned from an :Iumnomous scnw L) SI(III  .II ILI 1,1 h+ u lar{!ch’i cotltc’xt-serlsitlv~.  I]i:l]-level extract of the nmc volu-

minous data obtained by the systcm.  ‘1’his is trut’  w’tlclti(’i  III [t .’i~ ~~ 1)[ is :ttiorll~v nlacllinc <)( is l]uln:(n, cspeci:llly  ifr-cal-tirne results

m required. The sensor system must be able to ;Kl:II) [I\ L\\ (i i MI what d~lt:l [o t;~kc. t]o~v :Ind jvlIL’1) t{) t:lke  it, ancl how to process

and analyze It to suitably return the desired illk)l IIIU(I(III  .S:K II o )Stcrll lcqLlircs dul Of Il:IlcLl iftlclli+’ncc, on-board processing and

ana lys is ,  ancl aciaptivc  dccisiorr-nm king caprrb ilit)). “1 lw.f’ (I !,j[.11 ..) ar(’ P*U li(wlorly chnllcrl{jill~’ in o highly unstruct Lwed environ-

ment such as a natural geologic setting.

For the role d’ s~mtially  nnd corll[)c)sitiotl:llly  llio[~l)iti:’ Ill I(I( II cn\ilonlljcllt,  the MSt II. will br nlountcd cm a pan-tilt head on

a fixed mast nbovc the simulated kmdcr.  It can :ilsi)  tl( [1 it )U It( II N iI Ilxcd I:ltder-bwd ill~tt utllcnt fbt usc :Is a multi  spectral nlicro-
scope. In the fut L1re, improved lighter ancl smallc’t  } CI \I{}II\ i~f tli(’ III  ICIII  i IlSII  unlc]lt cOUld  I,c  [JI:IC(X1 liiwctly on the end effecter of

the robotic al In, or on ii nlovcablc mast for usc biltt~ ill II{: f  ,’ld  ,iIId llllL’10SCO])iC  rt’yirllc~. “1 tit’  C’Ull  L’l)t  ]11’O(Ot~pe  MSFII, prOVideS

spectral inm}ling froll) 0.4-1 .() Inm wavclcngtll US IIIY ‘! illl~l I (I rII( filters, ()\LI  (Iistall((s 1’[(11]1 itllit]ily to :1 few centimeters. At long

ranges i t  can charactcri7c tbt general ~eology of Il]c  l<irl~)ill,’ ‘>IIL’, ‘\l closui  r ,in~c$, il c:In l]liil) Iilc t)c[lr’-ficld envitonlncnt spectrally

and conlpositionally for LISL’ in targeting and \’t’I lfiL’<(~i(}!l III II III lll;itli~)t!i:lllorl  and s:t!l)[)]l[)y. AL very  close  range  (a few en]) the

instrument fLlnctions as a rllultispectral nlicroscwl~i’, r((~w l~ihf \lKSj II ‘Ii all(l  s]lcltiol  irltol IIl:lti(ln I(u ill[livid Ll:il mineral ~rains  clown to

-20  nlicrons/pixel. WC have had good SLICCWS 01 S}~IJII ;II t!. II :IL ii)n  arid tltinel il10/’i(’  i(icr]tiiic:lliotl over all of these reginlcs, an

illustrative exnnlple being given by 1+’i~ur-c 6. wv 11.11{ l). ,~11 II Illtc I;l(io]l i~i(ll the l:lr~(.ict i~lb{](iu  :IrJrI usinp  (he MS1l I. trs :[ represen-

tative aLltonlatcd  scienti f ic instl”umcnt. Salnplcs  o~’(iull ( ,i i ~, It IL’ )Imtic  aI Ili WC]C d~~msitrd  t)tl ii i~l[lclcl-lllc)uflte(l  tu rn tab le  which

then rotated the sanlp]es  un(lel”  the MS III.. Suctl  :1 {ic]i} tr! . y.li)[ ~,ln br cxILIKicd to (1 aIIyK~t  ( s: Implcs to several instrLrn]ents with-

out reqLlirin~,  fLII ther :Irlll nl[)vetllcnt,
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5. ,f(’l;rio\\’i I I) G]: NII,IVI’S

This work was cart id oLlt nt the Jet l’ropLllsion 1 :~1),1[ till.)!) ( III{  II [Ija  ]tlslitutc  of”  ‘1 (’(’}  III(I}i~yy,  LIt Klvr a contract  with the Nation:tl

A e r o n a u t i c s  a n d  SpKc Acllllit~istrtltio[~. The  :IUIIK)Is ,:1 ,,(( (1 1]]1 :1:~  II LIWJCCl::t.  usc  01”  f}IC  (Ij)~IMYl  ja~v  dud aclumxl  efl’cctrrr  used i n

soJne of’ tbc r e p o r t e d  cx]>cril~lcrl(:itioll (per  ];iyut ~ 5 ()()’+ I III I j)tll  :Is  dcYcloIIcd  [)y  ‘ 1 ’ .  [J}IIII  :IIILI  ]<. V<)lpc,  JI’I. krver “1’echno]ogy

task).
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